The relationship between the co-occurrence of cryptic zooplankton species and environmental variables was studied in a lake in China. Lake Jinghu was sampled for zooplankton and water chemistry at 3 or 4-day intervals over a year, and samples of the rotifer Brachionus calyciflorus were obtained at 8-day intervals and clonally cultured in the laboratory. We found that B. calyciflorus occurred in winter and spring, and was a species complex composed of cryptic species BcI and BcII based on mtDNA COI sequence divergence and the GMYC model analyses. Both cryptic species cohabited in Lake Jinghu when they were present. The densities of BcI and BcII were not correlated, indicating that there might be no strong competition between them. Based on principal component analysis (PCA) and generalized linear models (GLM), only BcII density was impacted by chlorophyll a (Chl a) concentration (of the lake water filtered through a 25 mm net) alone with a time lag, and the interaction of temperature and Chl a concentration without a time lag. Our results suggest that a distinct response to Chl a reduces the intensity of competition between cryptic B. calyciflorus species and promotes their coexistence in Lake Jinghu over time.
2004; Alcántara-Rodríguez et al., 2012) . Zooplankton often dwells in temporally varying habitats that may impact a population's demography and genetic structure (King and Serra, 1998) . Consequently, many zooplankters often occur in a restricted season, and these sympatric species can be involved in seasonal succession caused by ecological specialization (Gómez et al., 1995; Ortells et al., 2003; Lampert and Sommer, 2007; Cheng et al., 2008) . However, increasingly, studies on cryptic species demonstrate that they frequently have sympatric distribution and temporal overlap (e.g. Knowlton, 1993; Witt and Hebert, 2000; Montero-Pau et al., 2011) , which appear to pose a major challenge to ecological theory in understanding the coexistence mechanisms of these potentially strong competitors (Ciros-Pérez et al., 2004) .
Rotifers are one of the most common zooplankton in fresh and brackish water ecosystems and are examples of cryptic species, including Brachionus plicatilis (e.g. Gómez et al., 2002; Papakostas et al., 2005) , Brachionus calyciflorus (Gilbert and Walsh, 2005; Xiang et al., 2011) , Keratella cochlearis (Derry et al., 2003) , Epiphanes senta (Schröder and Walsh, 2007) , Synchaeta spp. , Testudinella clypeata (Leasi et al., 2013) , Polyarthra dolichoptera (Obertegger et al., 2014) and bdelloid rotifers (Fontaneto et al., 2009) . Among them, B. plicatilis, which lives in salt lakes with salinities ranging from 2 to 97 ng L 21 (Lowe et al., 2005) or freshwater conditions (Alcántara-Rodríguez et al., 2012) , has been the subject of many studies focused mainly on both exploration of new cryptic species and investigation of the patterns of their spatio-temporal distribution. To date, at least six cryptic species of the B. plicatilis species complex have been found living sympatrically in inland salt lakes and coastal lagoons in the Iberian Peninsula (Gómez et al., 1995 Ortells et al., 2000; Lapesa et al., 2004; Montero-Pau et al., 2011) . Two hypotheses have been raised to explain the coexistence of sympatrically distributed B. plicatilis cryptic species. First, laboratory experiments suggest that the stable coexistence of potentially strongly competitive cryptic species may result from their differential responses to environmental conditions such as salinity (Gómez et al., 1995 (Gómez et al., , 1997 Montero-Pau et al., 2011) , resource partitioning and differential vulnerability to predators (Ciros-Pérez et al., 2001 Lapesa et al., 2004) . The second hypothesis is that sufficient resources in water bodies and natural within-year and among-year environmental fluctuations allow these cryptic species to co-occur in the water column (Ortells et al., 2003) .
Another monogonont rotifer B. calyciflorus, a cyclical parthenogen typically occurring in freshwater ecosystems, has also received attention in studies on the spatial patterns of genetic differentiation on small and large scales (e.g. Gilbert and Walsh, 2005; Xiang et al., 2011) .
A recent survey revealed that B. calyciflorus is also a species complex comprised at least 12 cryptic species throughout the world Fontaneto et al., 2012) . However, time-dependent population divergence is often overlooked in cyclically parthenogenetic rotifers (Papakostas et al., 2013) , and little is known about the relationship between the extensive temporal overlap of those cryptic B. calyciflorus species and environmental variables. In the subtropical, shallow, eutrophic freshwater Lake Jinghu, China, B. calyciflorus is a common planktonic rotifer and has maximal density in February and March (Wen and Xi, 2007; Wen et al., 2011) . In our previous study, we found that cryptic B. calyciflorus species from the other lake located in Wuhu city occur concurrently in a season . Whether cryptic species in this species complex coexisted in Lake Jinghu during the growing seasons remains unknown. If so, how do those putatively similar species respond to the same environmental conditions?
Up to now, most studies on temporal variations of rotifer population structure use a scheme based on sampling that is seasonal, monthly, 2-3-weekly, or several times within one season (King and Zhao, 1987; Gómez et al., 1995; Ortells et al., 2003; Li et al., 2010; Montero-Pau et al., 2011) . Considering the short life cycle and fast reproductive ability of rotifers, it is difficult to discover the rapidly changing seasonal pattern of rotifer population structure using a low sampling frequency and/or across a short study period. In the present study, we collected quantitative rotifer samples at 4-day intervals, and the live B. calyciflorus samples once every 8 days from Lake Jinghu during 1 year, and we analyzed the temporal genetic structure of their populations with the following aims: (i) to identify whether cryptic B. calyciflorus species existed in Lake Jinghu; (ii) to explore the hypothesis that those cryptic species underwent temporal overlap, based on Xiang et al. and (iii) to explore the link between the concurrence of those putative cryptic species and the same environmental variables.
M E T H O D Sample collection and environmental variables analyses
Lake Jinghu (31.218N, 118.228E) is a small lake with a surface area of 0.15 km 2 located near the middle reaches of the Yangtze River and comprises two sections named a small lake region and a big lake region, in which water depth usually fluctuates from 1.0 to 1.5 m . The planktonic rotifers were sampled at two fixed stations situated in the centers of the small and big lake regions at 3-or 4-day intervals from May 2008 to May 2009 (Supplementary data, Fig. S1 ). On each sampling occasion, a quantitative rotifer sample was collected from each station by filtering (25 mm mesh net) a 15 L sample of integrated lake water (5 L of water from the surface to the bottom at 0.5 m intervals), which was preserved in situ in 4% sucrose formaldehyde (Haney and Hall, 1973) . The retained rotifers were concentrated to 30 mL, and 10% of the sample was examined using an Olympus BH-2 microscope under 100Â magnification (López et al., 2007) to obtain the densities of the B. calyciflorus complex and its potential competitors and predators, including cladocerans, omnivorous rotifers (e.g. Asplanchna spp.) and copepods.
Simultaneously with the collection of rotifer samples, water temperature, pH, dissolved oxygen (DO), transparency and NH 4 -N concentration were also measured, as described in detail by Wen et al. (Wen et al., 2011) . According to Huang (Huang, 1999) , we measured the chlorophyll a (Chl a) concentration of the other integrated water sample filtered through a 25 mm mesh net (Chl a) as a proxy for the availability of relatively small phytoplankton that might be a food resource for rotifers. A paired-samples t-test was conducted to detect the differences of environmental variables measured in this study between both stations.
Clonal culture
Concurrently with the fixed rotifer sampling, live animals of the B. calyciflorus species complex were also collected from each station for clonal culture in the laboratory, using a 64 mm plankton net, at 8-day intervals throughout the year. During the clonal culture process, more than 100 ovigerous female B. calyciflorus were isolated individually and removed into a transparent 5 mL jar containing culture medium (Gilbert, 1963) . All clones were kept in an illuminated incubator at a temperature close to that measured on each corresponding sampling date, and were fed daily on Scenedesmus obliquus at a density of 2.0 Â 10 6 cells mL
21
. Algae were grown in a semi-continuous culture using the HB-4 medium (Li et al., 1959) , which was renewed daily at 20%. When B. calyciflorus reached a density of 10-100 ind. 5 mL 21 in most jars, 20-30 clones from each sample batch except for collection batch B, E and L (Table I) were chosen randomly to analyze the genetic structure of the population.
To avoid the contamination of the rotifer genomes with food organisms, live organisms were starved for 24 h before harvesting. Thereafter, the rotifers were filtered with a 30 mm plankton net, washed several times with double distilled water, centrifuged and preserved in a 2808C freezer until molecular processing .
During the year, B. calyciflorus began to occur in the middle of December 2008 in the big lake region of Lake Jinghu, whereas it was not found, or it appeared only occasionally, in the small lake region before 30 December. (Table I) .
Amplification and sequence analyses of mtDNA COI gene
We used the DNA extraction methods described in detail by Dong et al. (Dong et al., 2000) using the Wizard TM DNA Purification Kit (Promega, Madison, WI, USA). As the COI gene can provide more accurate estimates of cryptic species richness in microscopic animals than the molecular marker of nuclear genes such as 18S rDNA , in this study, a fragment of the mitochondrial COI gene fragment was amplified using the universal primers HCO2198 (5 0 -TAAACTTCAGGGT GACCAAAAAATCA-3 0 ) and LCO1490 (5 0 -GGTCA ACAAATCATAAAGATATTGG-3 0 ) (Folmer et al., 1994) . For each amplification, the total reaction volume of 25 mL consisted of the following: 0.2 mM of each primer, 1 Â reaction buffer, 0.2 mM of each dNTP, 3.35 mM MgCl 2 , 2 units of Taq polymerase (Takara) and 2 mL of template DNA. Cycling procedures for amplification were as follows: denaturation for 5 min at 948C and 35 cycles of denaturation for 30 s at 948C, annealing for 30 s at 508C, elongation for 1 min at 728C and final extension for 10 min at 728C. PCR products were electrophoresed on a 1.5% agarose gel and purified with an AxyPrep_PCR Cleanup kit (AXYGEN), and then inserted into a pMD 19-T Vector (Takara) and transferred into competent Escherichia coli DH10b cells using standard protocols. The plasmid containing the desired fragment was extracted using a Plasmid Extraction Kit (Qiagen) and run on an ABI-PRISM 3730 automated sequencer using the universal sequencing primers M13-47 and RV-M. All the 246 COI gene sequences obtained from the 12 sample batches were submitted to GenBank (accession numbers KC489512-KC489758).
The 661-bp gene fragment of mtDNA COI was determined according to sequence alignment using CLUSTAL X version 1.81 (Thompson et al., 1997) and visual inspection. Variable sites, parsimony-informative sites and genetic diversity within the population of each putative cryptic B. calyciflorus species, including haplotype diversity (h) and nucleotide diversity (p), were calculated using the program DNAsp version 5.10 (Librado and Rozas, 2009 ). To assess the temporal population differentiation in putative cryptic B. calyciflorus species among the temporal samples, analyses of molecular variance, as implemented in Arlequin 3.1 (Excoffier and Schneider, 2005) , were used to investigate the percentage of variation by calculating pairwise F st values. Their significance levels were determined with 1000 permutations. A Pearson correlation was implemented between the environmental variables and the following parameters of each putative cryptic B. calyciflorus species: haplotype diversity (h), nucleotide diversity (p), population genetic differentiation indices (F st ) using SPSS 11.5 (SPSS Inc., Chicago, IL, USA), respectively. Given significant correlations, those correlated environmental variables were selected to evaluate the independent contribution to levels of genetic diversity using multiple regression analyses.
To gain a more profound understanding of the phylogenetic relationship of the putative cryptic species B. calyciflorus, four strains from Georgia, Florida, Texas and Australia, sequenced by Gilbert and Walsh (Gilbert and Walsh, 2005) and available in GenBank (accession numbers DQ071672-DQ071675), were introduced to restructure the phylogenetic tree in the present study. With the rotifer Brachionus quadridentatus (GenBank accession number EF524553) as an outgroup, the phylogenetic trees were constructed using the Markov Chain Monte Carlo method by MrBayes 3.1.2 (Ronquist and Huelsenbeck, 2003) . The TVM þ G model was considered suitable for performance in the Bayesian analyses using the program Modeltest 3.7 (Posada and Crandall, 1998) . Two separate analyses were conducted with each consisting of four chains and random starting trees. The chains were run for 20 000 000 generations with the trees sampled every 100 generations. The stationary tree structure was determined visually, the first 50 000 generations were discarded as burn-in and the remaining trees were used to estimate the Bayesian posteriori probabilities.
Cryptic B. calyciflorus species diagnosis
The percentage of sequence divergence among all the haplotypes was performed using the DNASTAR computer package (DNASTAR Inc., Madison, WI, USA). According to the sequence divergences and mating tests in the B. calyciflorus complex from Georgia, Florida, Texas, Australia and Eastern China, those lineages with the COI sequence divergence of .9% were designated as separate cryptic species (Gilbert and Walsh, 2005; Xiang et al., 2011) . In addition, a generalized mixed Yule coalescent (GMYC) model was applied to screen the species in the B. calyciflorus complex found in Lake Jinghu, which has been widely used in identifying the presence of cryptic species in rotifers (e.g. Fontaneto et al., 2009; Fontaneto, 2014) and was run on the ultrametric tree using the code programmed in R2.13.0 (R Development Core Team, 2011 ). This ultrametric tree was produced in BEAST v. 1.6.1 (Drummond and Rambaut, 2007) , with the models of an uncorrelated lognormal relaxed clock and constant coalescent suggested by Kingman (Kingman, 1982) .
The effects of environmental variables on the relative frequencies and population densities of cryptic B. calyciflorus species: PCA and GLM analyses
Owing to the similar morphology and body size of cryptic B. calyciflorus species (Xi et al., 2010 and personal observations) , the density estimation of each cryptic species cannot be calculated by direct microscopic counts of rotifer females. Based on Ortells et al. (Ortells et al., 2003) and Montero-Pau et al. (Montero-Pau et al., 2011) , the population density of each putative cryptic B. calyciflorus species at each sampling date was calculated as
, and p i indicate the density of the ith cryptic B. calyciflorus species, the density of this species complex and the relative frequency of ith cryptic species, respectively. The relative frequency of each putative cryptic B. calyciflorus species ( p i ) derived from the DNA data analyses was calculated by p i ¼ n i /n, where n i and n represent the clone numbers of the ith cryptic species and the clone numbers of the B. calyciflorus complex, respectively, in each sample employed in the molecular analyses.
To investigate the most influential variables among water parameters including water temperature, pH, DO, NH 4 -N content and Chl a concentration from each sampling date during 30 December 2008 and 5 April 2009, a principal component analysis (PCA) based on the covariance matrix of these parameters was carried out using the program PAST (Hammer et al., 2001) .
Subsequently, the effects of those most influential variables on the population dynamics of the putative cryptic B. calyciflorus species were measured by a generalized linear model (GLM) analysis of deviance with a Poisson distribution and a logit link function in R2.13.0 (R Development Core Team, 2011). We checked the appropriateness of the assumption of Poisson distribution by comparing the residual deviance with the residual degrees of freedom after fitting the explanatory variables. Large relative values of the residual deviance indicate overdispersion, which may result in overestimation of significance levels, and Poisson can be replaced with quasi-Poisson in the analyses. Initially, a full model was fitted to the data, including all explanatory variables and their interactions. Terms were then removed from the full model by stepwise deletion. The final models were tested using an F-test (Crawley, 2007) . (Table I ). There were no remarkable differences in the water temperature, transparency, DO, pH value, NH 4 -N content and Chl a concentration between the two stations (df ¼ 22, P . 0.05).
R E S U LT S Spatial and temporal variations of environmental variables in Lake Jinghu
When B. calyciflorus was present, only three copepod nauplii but none of the copepod adults and omnivorous rotifers of Asplanchna were observed in all of the quantitative samples.
Sequence variation of mtDNA COI gene
A 661-bp region of COI gene was amplified. In total, 167 unique haplotypes were defined from the aligned complete 246 COI sequences data of the B. calyciflorus species complex, and contained 293 variable sites, 141 parsimony-informative sites, in which 10 shared haplotypes occurred among two or more sampling batches (Supplementary data, Table SI) .
Phylogenetic relationships and cryptic species diagnosis
As shown in the phylogenetic tree, 171 haplotypes of the B. calyciflorus complex, including the 167 haplotypes from Lake Jinghu and the 4 haplotypes from Georgia, Florida, Texas and Australia, revealed a well-resolved phylogeny that divided the complex into five lineages (clades BcI, BcII, Georgia þ Florida, Texas and Australia) (Fig. 1) . Also, DNA taxonomy based on the GMYC model coherently identified the same five independently evolving entities existing in this study (Fig. 1) .
The percentage of uncorrected sequence divergence ranged from 18.3 to 20.2% between the clade BcI and BcII, and from 0 to 1.8% within each clade. Hence, the clades BcI and BcII in this study were delimited as two cryptic species (named as BcI and BcII) based on the topology structure of the phylogenetic tree, the sequence divergence and the GMYC analysis. BcI and BcII was composed of 36 and 131 haplotypes, respectively, and showed a wide temporal distribution pattern spanning the total occurrence period of this species complex in Fig. 1 . The Bayesian phylogenetic tree constructed based on mtDNA COI sequences. Closed circles on branches indicate the five entities identified by GMYC.
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Lake Jinghu. The clone numbers of each cryptic species in different samples are shown in Table II .
Population genetic diversity
In general, the two cryptic species in the samples collected on 16 February, 28 March and 5 April 2009 had higher nucleotide diversities (p). Typically, among all the sampling dates, cryptic species BcI had the lowest nucleotide diversity (p), and cryptic species BcII had the lowest haplotype diversity and lower nucleotide diversity (p) on 16 February 2009. Higher nucleotide diversities were found in both BcI and BcII clones collected from spring water bodies, including the samples from 28 March to 5 April 2009. The Pearson moment correlation analyses with a time lag (r 1 ) and without a time lag (r 2 ) indicated that among all the measured abiotic and biotic factors, only water temperature showed a trend of positive correlation with nucleotide diversity of cryptic species BcII in the 12-batch samples (r 1 ¼ 0.49, P ¼ 0.10; r 2 ¼ 0.54, P ¼ 0.07), which was not shown in all samples except for the last three batches. No remarkable correlations were detected between the haplotype diversity or the nucleotide diversity of cryptic species BcI and the environmental factors.
A low level of genetic differentiation of both cryptic species represented by F st was detected among the 12-batch samples (BcI: F st ¼ 0.057, P , 0.05; BcII: F st ¼ 0.038, P , 0.05), indicating that there were no strong and significant trends of increased genetic divergence with time.
Temporal distributions, relative frequencies and population dynamics of cryptic B. calyciflorus species
Because the physico-chemical conditions of the water showed no discernible differences between the two stations, and the density of the B. calyciflorus complex was low (typically few ovigerous females of B. calyciflorus were found in several water samples), clones belonging to the same cryptic species from both stations were integrated to obtain the relative frequency of each corresponding cryptic species in Lake Jinghu. Accordingly, the average density of each cryptic species sampled from both stations was regarded as the population density of the corresponding cryptic species in Lake Jinghu.
Overall, high levels of sympatry of cryptic species BcI and BcII were found in 100% of the sampling cases in Lake Jinghu, and the relative frequency of both cryptic species showed a clear fluctuation tendency, except for the early samples (30 December 2008 -15 January 2009 , and the latter sampling cases (28 March -5 April 2009) (Fig. 2) . The cryptic species BcII, displaying the highest relative frequency at the collection date 24 February 2009 and accounting for more than half of the relative frequency in B. calyciflorus species complex in all collections, had a higher relative abundance than BcI ( pairedsamples t-test, t ¼ 3.29, df ¼ 11, P ¼ 0.007). On nearly all sampling occasions except for the first sampling date, the BcI population exhibited a stable tendency with the density lower than 5.0 ind. L 
PCA and GLM analyses
The PCA gave two factors explaining 96.45% of the total variance. Water temperature was positively correlated with factor 1 (F 1 , accounting for 68.57% of the data variance), and negatively correlated with factor 2 (F 2 , accounting for 27.88% of the data variance) (Fig. 4) . Chl a concentration was positively correlated with factor 1 (F 1 ) and factor 2 (F 2 ) (Fig. 4) . Thus, water temperature and Chl a concentration could be considered as the most influential variables according to the PCA loadings and variable coordinates represented in Fig. 4 .
Based on the GLM analysis, the effect of the interaction of temperature and Chl a concentration was found for BcII and it was close to significance in the case of BcI without a time lag (Table III) . Given the effect of a time lag, BcII density was impacted by Chl a concentration alone, while BcI density was not influenced significantly by temperature, Chl a concentration and their interactions (Table III; Fig. 5 ). Rotifers from the last sample case L were not considered in statistical analyses because we were unable to acquire the accurate estimations of the relative frequency and the population density of each cryptic species based on the rare established rotifer clones in this sample.
D I S C U S S I O N Diagnosis of cryptic B. calyciflorus species
Traditionally, rotifer species can be identified by their morphology and size under a microscope. The first evidence suggesting that B. plicatilis is actually a species Only those data with a sample size presented in Table I larger than 10 clones are used in this analysis. complex comes also from morphometrics (Fu et al., 1991) . Before the introduction of molecular techniques, cryptic B. plicatilis species were commonly classified into three known morphologies (L-morphotype, SM-morphotype, SS-morphotype) (Fu et al., 1991; Ortells et al., 2003) . However, deep genetic divergence but morphological similarity between cryptic B. plicatilis species have been proven to exist in nature, which is possibly caused by morphological stasis (Campillo et al., 2005; Fontaneto et al., 2007) . For instance, although B. plicatilis s.s. and B. manjavacas belong to the L-morphotype of B. plicatilis complex and are morphologically indistinguishable (Campillo et al., 2005; Fontaneto et al., 2007) , both are recognized as cryptic species in the B. plicatilis complex, which is supported by large genetic distance and reproductive isolation between them (Ortells et al., 2000) . Hence, cryptic species in rotifers can be discriminated reliably by molecular methods (Campillo et al., 2005; Fontaneto et al., 2007) . By investigating the morphometry of cryptic B. calyciflorus species from the lakes located in Eastern China including Wuhu city, morphological characters are found to be unsuitable to accurately discriminate cryptic species, especially when they show sympatric distributions (Ma, 2009; Xi et al., 2010 and personal observations in this study). In the present study, BcI and BcII were recognized as two cryptic B. calyciflorus species based on the genetic divergence and GMYC analysis despite that they show a similar morphology. These results suggest that diagnosing cryptic species mainly depends on their genetic divergence rather than the morphological distinctions among them.
Temporal patterns of genetic structure of the cryptic B. calyciflorus species
In population genetics based on mtDNA, genetic variation is measured more appropriately by the index of nucleotide diversity (p), i.e. the average number of nucleotide differences per site between two randomly chosen DNA sequences (Nei and Li, 1979) . Higher values of p represent richer genetic diversity of a population. In the present study, higher genetic diversities were found in the cryptic B. calyciflorus species that occurred between sampling dates J and L, probably because more individuals hatched from the sediments in Lake Jinghu during spring . The more rotifers with genetic heterogeneity hatched from resting egg banks, the higher the genetic diversity shown in the water column.
Papakostas et al. (Papakostas et al., 2013) investigated the temporal population divergence of the cryptic species of B. plicatilis complex and found that the high level of genetic divergence of B. plicatilis s.s. (F st . 0.3) was positively correlated with the intervals between sampling. In the present study, cryptic species BcI and BcII coexisted in Lake Jinghu over time. However, no great genetic variations were observed in the populations of BcI and BcII over the relatively short periods. Hence, more investigations are required to reveal the level of temporal population divergence of cyclically parthenogenetic rotifers.
Coexistence of cryptic B. calyciflorus species in Lake Jinghu: roles of environmental variables A central challenge in ecology is to identify factors promoting the coexistence of similar species, which further affects community structure and biodiversity (Ciros-Pérez et al., 2004) . Numerous studies have focused on the abiotic and biotic factors driving the coexistence of cryptic B. plicatilis species in marine environments.
Temperature is one of the most important abiotic factors affecting species occurrence and population dynamics of rotifers. In the present study, BcI and BcII cohabited over time and did not show any preference for water temperature, suggesting that both of them were eurythermal species. The parameters pH and DO were not associated with population dynamics of both cryptic species, possibly due to the relatively stable pH value and the high DO content in Lake Jinghu.
It is well known that NH 4 þ (ionized ammonia) and NH 3 . H 2 O (un-ionized ammonia) are main forms of ammonia nitrogen in fresh waters. The content of unionized ammonia often increases with pH, and is always disadvantageous to the survival of aquatic animals. The growth and reproduction of B. calyciflorus are inhibited in a culture media with the un-ionized ammonia concentration exceeding 2.57 mg L 21 (Dahril, 1997) . In the present study, NH 4 þ -N concentration varied from 0.4 to 1.6 mg L 21 with the average value lower than 1.0 mg L
21
, indicating that un-ionized ammonia in Lake Jinghu is still lower than the toxic levels to B. calyciflorus complex.
During winter and spring in Lake Jinghu, almost no potential predators of B. calyciflorus, such as cyclopoid copepods and the carnivorous rotifer Asplanchna, were observed and personal observation in this study), indicating that the coexistence of cryptic B. calyciflorus species might not be mediated by potential predators.
Laboratory experiments have shown competitive exclusion between the cryptic B. plicatilis species, and competitive exclusion remains the rule when available resources are not diverse (Ciros-Pérez et al., 2001) . In eutrophic ponds, edible algae for rotifers can still be scarce (Lampert and Sommer, 2007) , and negative correlations of the densities between competing species imply strong interspecific competition (Hu and Tessier, 1995; Yoshida, 2005) . However, in Lake Jinghu, the population dynamics of BcI did not display a negative correlation with the density of BcII. As a result, it was concluded that there was no strong competition between both cryptic species occurring in this eutrophic lake. In addition, the effect of the interaction of temperature and Chl a concentration was found for BcII and it was close to significance in the case of BcI without a time lag, and Chl a concentration alone influenced BcII density but none of the environmental variables affected BcI density with a time lag, suggesting both species compete for resources differently at different temperature regimes. The distinct responses of both cryptic species to Chl a concentration at different temperature might be conducive to reducing the intensity of competition between them and promoting their coexistence over time. It has been shown that different rotifer species and different rotifer clones of the same species display diverse responses to increasing food level. An increase in the intrinsic rate of population growth with the rise of food density is only found in clone D that belongs to one of the four B. calyciflorus clones with genetic variation according to polyacrylamide gel electrophoresis of isozymes coexisting in Lake Jinghu (Dong et al., 2009) . Food density significantly influenced the intrinsic rate of population growth and the net reproductive rate of one cryptic B. calyciflorus species from Lake Tingtang located in Wuhu city, but did not affect those of another cryptic B. calyciflorus species occurring concurrently (Xue, 2011) . Of course, we are aware that elaborate comparative experiments (typically those on food effects) on lifehistory traits between the two cryptic species are necessary to validate this inference, but these were difficult to perform because of the extremely low growth rates of cryptic species BcI clones, whose densities did not exceed 20 ind. 5 mL 21 during the clonal cultures.
C O N C L U S I O N S
Insight into the coexistence of cryptic species with a high degree of morphological similarity in zooplankton contributes to understand the ecological theory of niche differentiation. More studies have been performed to underlie the coexistence mechanisms of marine sympatric cryptic B. plicatilis species. In contrast, few studies have focused on the ecological forces mediating coexistence of the cryptic species hidden in the freshwater rotifer such as B. calyciflorus. Among all the environmental factors in the most common fresh waters, water temperature, resource supply (bottom-up forces) and predation (top-down forces) have been highlighted in driving the rotifer population dynamics. Accordingly, how the populations of cryptic B. calyciflorus species responded to water temperature, food resource and predation pressure will help us to reveal the ecological mechanisms of their coexistence. Our results suggest in a Chinese freshwater lake that is lack of potential predators to rotifers, a distinct response to Chl a concentration of the water sample filtered through a 25 mm mesh net (might be a proxy of the available food resources for rotifers) reduces the intensity of competition between two cryptic B. calyciflorus species, and promotes their coexistence over time. The minute details in the jaws, feeding behavior and food effects on the life-history traits of the cryptic B. calyciflorus species and how they differ in response to food resources deserve further investigation.
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